The fourth wave began as the social web grew up around third wave initiatives. As the social web's impact is felt, the goals of making digital libraries more compatible with web technologies, more interoperable with each other, and more visible in search engines are shifting again. The fourth wave is about fully responding to how different communities of people work and play on the web-how they learn and get things done, how they look for other people and information (using search engines and social sites), how they share what they create or find, how information shows up in diverse contexts on the social web, and more. This fourth wave requires an even higher commitment to disclosing digital library content and services in external contexts and for global audiences that the builders never see. This new wave is a disruptive and destabilizing force, but transition is necessary if digital libraries are to continue to thrive.
At the same time, library collections are usually funded at local, regional or national levels, and their funding is intended to support communities at local, regional or national levels. 
Failed social web experiments
Digital libraries have tended to offer simple information access; along the continuums depicted in figure 9.1, many if not most digital libraries today belong at the left (focus on collections and expert communications; read-only or authorized contributions only). As such, they do not offer a favorable "habitat" for successful implementations of social web tools, which arose from quite different conditions (active online communities). This has led to a number of failed experiments introducing social web tools to digital libraries. Derek Law, in an essay about future digital developments for libraries, characterizes some library attempts to apply social web tools as well-intentioned attempts to use new information spaces to deliver old information. He writes "librarians have engaged in almost every fad … without perhaps considering how service philosophy should change … the [key definers of social networks] need to underpin any decision to use the tools … or else we run the risk of further littering the web with inactive library blogs, lifeless virtual library communities and out-of-date Facebook pages" (2011, 367) .
The social web is not simply a new fashion; it represents a new way of thinking and doing things. Applied superficially, social web tools will lead to results like those reported by Gerolimos (2011), whose review of the literature about libraries on Facebook and his own study led him to conclude that library Facebook pages are unlikely to stimulate significant interaction between libraries and their communities. Another study by Gerolimos and Konsta (2011) suggested that except for RSS, academic library implementations of social media tools generated low levels of use and participation.
A source of this failure is that some implementers have used social web tools to merely promote what they are doing, instead of using them to establish and maintain relationships or help their communities do what they want to do. Schrier (2011) emphasizes that a successful social media strategy for digital libraries involves becoming "intertwined with the knowledge creation processes relevant to their collections." This approach differs from learning how to use a few social media tools and then adding them to a web interface. Schrier offers a set of five general principles (listening, participation, transparency, policy, and strategy) for planning digital library strategic options and becoming "facilitators of conversations" on the social web. Digital library experiments with social media tools can also benefit from studying what has made social web tools successful in other settings. Such an approach is likely to uncover not only a solid strategy and receptive audience(s) for digital library experiments, but also any technical or organizational barriers to overcome. Gazan, for example, constructed a decision model for examining the prospects of introducing digital library annotation tools (2008) .
Being successful on the social web will also require digital library builders to understand, innovate and continue responding to how their communities look for people and information using search engines and social sites, how they share what they create or find, and how information shows up in diverse contexts on the social web, Among other things this involves optimizing the reach and visibility of digital library content.
Optimizing the reach and visibility of digital libraries

Some successful experiments
Digital library managers have successfully experimented with social web techniques to make their collections easier to find and use in an environment where even well-known digital libraries must compete for the attention of online communities. The following list provides two of the numerous examples of early experiments. 
Mobile apps and interfaces
The use of mobile devices is becoming ubiquitous around the world and increasingly there is an expectation that services will provide mobile applications (apps) and interfaces (Purcell 2010).
Trends reported in Pew Internet reports suggest that 56% of American adults owned a smartphone, 34% owned a tablet, half reported having apps on their phones and 82% had them A quick literature review of work on mobile interfaces and apps for digital libraries suggests only nascent development in this area. However, given that social media use and information seeking preferences are shifting strongly in the direction of mobile devices, it seems inevitable that digital libraries will eventually want to be able to reach their communities through mobile devices.
SEO and SMO
SEO is important on the social web because the more frequently a site is included the first few pages of search result lists, the more visitors it will receive. The more visitors a site receives, the greater the likelihood that selected content will be tweeted, tagged, bookmarked, shared on a 
Scholarly research and linked data
The semantic web and linked data offer the possibility of "a more data-centric, semantically- restrictions. "Europeana Terms for User Contributions" (europeana.eu/portal/rights/terms-foruser-contributions.html) specifies that Europeana will make organizations' contributed metadata available under the terms of the Creative Commons CC0 1.0 Universal Public Domain Dedication (CC0; creativecommons.org/publicdomain/zero/1.0/). This means that the contributor is dedicating the metadata to the public domain and waiving all rights to it. The legal issues related to aggregating, exchanging and re-using data from cultural heritage institutions can be complex, especially in an international context. Rights to metadata may be restricted, terms for re-use and exchange may be unclear, or the metadata might be an organization's key business asset (Baker et al. 2011, under 3. 3).
Digital library contributions to the semantic web
There is ample reason for digital library researchers and builders to be inspired by the prospects of the semantic web and linked data, and good progress is being made. As noted in chapter 4, next generation repositories and projects related to OAI-ORE are using semantic web approaches. Tools for publishing metadata as RDF are readily available (Byrne and Goddard 2010, Appendix). At this time however, digital library specialists are contributing more to the development of the semantic web by publishing linked data sets than by building applications that use linked data. It will take time for developers inside and outside the digital library space to build applications that consume linked data.
Schema.org
Schema.org (schema.org) is an organization formed in June 2011 through a joint effort of search engine leaders Bing, Google and Yahoo. It offers a collection of metadata element sets that enable webmasters to take advantage of semantic web approaches to structuring data and then use them for SEO and other purposes. A simple explanation of schema.org is that it provides a vocabulary of types of things (movies, books, events, etc.) and uses microdata (a mechanism for embedding structured machine-readable data in HTML documents). For example, the schema.org vocabulary, combined with properties defined by microdata, can alert a search engine that the marked-up section of a web page communicates the name of a person, and what that name is. In that sense schema.org is a semantic web approach (that is, it is based on the machine encoding of meaning). The major search engines (Google, Bing and Yahoo) "understand" and deploy this structured data to assess relevance and augment the display of search engine results.
Semantic web approaches based on schema.org and microdata are increasingly being used in e-commerce (Hepp 2012). Li, Wald and Wills (2012) describe how these techniques are being used in multimedia applications to expose the inside content of multimedia resources ("media fragments") for indexing by search engines. Examples are part of a YouTube video or part of a music recording.
In the digital library domain, Ronallo (2012) offers an overview, tutorial and examples of schema.org and microdata used to mark up web pages for digital objects in the North Carolina State University Libraries Digital Collections. Ronallo also explains some current limitations of these techniques for the cultural heritage sector. In the library space in general, OCLC is experimenting with embedding structured metadata in each WorldCat.org record based on schema.org (Miller et al. 2012, 34; Breeding 2013b) to promote better discovery of library materials in schema.org participating search engines. The prospects for more digital library applications of schema.org seem good, but at the time of this writing, it is early days for these techniques.
Mass digitization and digital libraries
Chapter 5 (Assadi et al. 2003) . In the course of the interviews I conducted for this book, I learned that American Memory was initially targeted for professors and others in university settings; a pre-test revealed the true primary audience to be grade school and high school teachers. An interviewee for this book recounted her insight that thanks to the end-user test, "teachers developed curricular ideas and shared them. As a result, many years later, many digital resources continue to be used, discussed and remembered." Europeana (europeana.eu) has begun experimenting with projects to engage ordinary citizens, scholars, teachers and children with its massive, cross-cultural and multilingual digital library. In March 2011 it launched the highly interactive Europeana 1914 Europeana -1918 Europeana (europeana1914-1918 .eu/en), which allows people to connect their stories and memorabilia to Europeana Europeana's leaders have conceived the prorgram's public mission in the context of the social web. In a 2012 interview, Jill Cousins, executive director of Europeana, said "The whole Europeana concept is not about creating a destination site in Europeana.eu but about distributing the aggregated data into other systems, mobile applications and so forth so that the content can be used in many different ways and sustain different ways of looking at the material -e.g. in higher education and schools" (Cranfield 2012).
The Digital Public Library of America, or DPLA (dp.la) is intended to be "a digital library in service of the American public" (Cranfield 2012) bringing digital content from many sources together in one platform. DPLA launched in April 2013, having recently hired Dan Cohen, an historian and well-known leader of social web-inspired initiatives at the Center for History and New Media, as DPLA's founding Executive Director. In an interview shortly after the hiring was announced, Cohen remarked that "successful digital projects mainly involve getting diverse people working together towards an ideal." Cohen envisons DPLA as a portal that "will bring entirely new audiences to formerly scattered collections" and "a large open storehouse for classroom use and scholarly investigation" (Enis 2013).
Crowdsourcing and citizen science
Crowdsourcing background
This section is a brief treatment of a large and significant subject; it offers some background, some sources for further study, and a few examples. William Safire (2009) 
Digital library crowdsourcing
In the digital library space, the promising results of Europeana 1914 Europeana -1918 (2012) describe other crowdsourcing efforts related to digitized historical maps-an online initiative to crowdsource the georeferencing of historical map images using the Georeferencer application.
Five institutions had implemented projects as of late 2012: the Moravian Library (Brno), the Nationaal Archief (The Hague), the National Library of Scotland (Edinburgh), the British Library (London), and the Institut Cartografic de Catalunya (Barcelona). At each location, the public's online participation significantly increased the number of historical maps that were georeferenced. At the Institut Cartografic de Catalunya, for example, 1,000 early printed and manuscript maps and aerial photographs were all georeferenced in 24 days by 88 volunteers.
Citizen science
Experiences with crowdsourcing have contributed to the rapid development of citizen science initiatives. Andrea Wiggins and Kevin Crowston have been reporting on the impressive work being at the Syracuse University School of Information Studies to study and understand citizen science, which they define as a form of research collaboration involving members of the public in scientific research projects that address real-world problems.
Wiggins and Crowston (2011, 2012) present their analyses and categorization of citizen science initiatives, concluding "under the right circumstances, citizen science can work on a massive scale, generating high quality data that lead to reliable, valid scientific outcomes as well as unexpected insights and innovation" (2012, 3426) . They particularly note the efficacy of virtual (web-based) citizen science, such as the well-known Galazy Zoo (galaxyzoo.org) project, which crowdsources the classification of images of galaxies. Over three years in the project's life, over 250,000 volunteers participated in the classification of over 56 million galaxies (2011, 7).
Crowdsourcing and citizen science may be the most important social web phenomena for digital library specialists to watch, as there are many potential ideas and applications that would be worth considering as digital libraries move into the future.
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Conclusion
The social web is an emergent, highly chaotic space. Social web initiatives related to the digital library field are equally chaotic, representing the convergence of many overlapping, parallel or directly competing efforts. More contenders for the attention of a digital library researcher or professional seem to enter this confusing new space every week. One of the digital library leaders interviewed for this book said "this space is a mess at the moment. Many projects will fail. It is hard to predict which ones will succeed."
In the evolution of digital libraries toward new roles on the social web, existing conventions and supporting systems are already undergoing significant disruption, and while the disruption is painful, it also presents new opportunities for digital libraries to go beyond what they have achieved in their first two decades. While these achievements are impressive, they will not guarantee future success, especially in the fast-moving world of the social web. The best way to honor digital libraries' past is to participate in creating their future.
Chapter 5 of this book makes a case for merging hybrid library and digital library strategic agendas; it simply makes no sense to continue separate, parallel lines of development. Chapter 6 makes a case for evolving digital library research and practice by shifting the primary focus toward digital libraries' social roles, in particular how they might empower individuals and support the progress of knowledge, learning, the free flow of ideas and an informed citizenry.
Marilyn Deegan and Simon Tanner (2002, 216-217) , in an eloquent passage in their book Digital Futures, write "librarians should redefine the profession, not in terms of the collections we hold, but in terms of the skills, abilities and value we bring to our communities … the time has come for us not to be defined by infrastructure." Infrastructure can be buildings, collections, or enabling technologies. Libraries' and librarians' social roles and communities are more likely to abide over time; collections and enabling technologies are more likely to shift. The first grand vision of digital libraries inspired two decades of digital library research and practice that have been, and continue to be a powerful force for advancing the pursuit of knowledge and culture. Emulating the creativity and pioneering spirit of digital libraries' first twenty years is the starting point for creating the next grand vision for libraries' digital future.
